I. Introduction
For past decades, flow through porous medium has received attention of many researches because of its extensive applications in chemical engineering, enhanced recovery of petroleum resources, packed bed reactors etc. The study of mixed convection (free and forced convection) in porous medium has also been given much attention in the recent years. Considerable attention has been evinced on the study of boundary layer flow behavior and heat transfer characteristics of Newtonian fluid past and/or through a vertical plate embedded in a fluid saturated porous medium because of its wide spectrum of applications in engineering processes. Many Investigators have obtained similarity solutions for the problem of free convection heat transfer from a vertical plate embedded in a fluid saturated porous medium. Merkin [1] gave a similarity analysis of a combined free and forced convection flow past an isothermal semi-infinite vertical plate. The combined free and forced convection from vertical plates in porous media has been investigated by Ranganathan and Viskanta [2] . All the above mentioned studies treat the permeability and conductivity or thermal resistance of the medium as constants. Hsieh et al [3] have obtained nonsimilar solution for combined convection from vertical plates in porous media with variable surface temperature or heat flux.
The convection of liquid metal under the influence of a magnetic field has been studied extensively. Pioneering studies on the effect of a magnetic field on the convection of electro-conducting materials were basically carried out in the fields of the geophysics and cosmology and were related to convection of the Earth's mantle or of gas in a space which was analyzed by Saltzmann [4] . Aldoss et al [5] have studied mixed convection from a vertical plate embedded in a porous medium in the presence of magnetic field. Several investigators have studied the effect of the magnetic field on the free convection flow over a semi-infinite vertical plate. Nield and Bejan [6] studied Darcy flow in an isotropic medium with the effect of a magnetic field and the flow in a medium with anisotropic permeability. He found the effect of uniform applied magnetic field is to reduce the effective permeability in the case of boundary layer flow. Elbashbeshy [7] investigated Heat and mass transfer along a vertical plate with variable temperature and concentration in the presence of magnetic field.
In some industrial applications, such as fixed-bed catalytic reactors, packed bed heat exchangers and drying, the value of the porosity is maximum at the wall and minimum away from the wall so the porosity of the porous medium should be taken as non -uniform. Porosity measurements by Shwartz and Smith [8] and Benenati and Brosilow [9] show that porosity is not constant but varies from the wall to the interior of the porous medium due to which permeability also varies. Chandrasekhara et al [10] has incorporated the variable permeability to study the flow past and through a porous medium and have shown that the variation of porosity and permeability has greater influence on velocity distribution and on heat transfer. On the other hand, Chandrasekhar and Namboodiri [11] have shown the effectiveness of variable permeability of the porous medium on velocity distribution and heat transfer. Nevertheless, the inertia effects become important in a sparsely packed porous medium and hence their effect on mixed convection problems needs to be investigated. Mohammadein and El-shaer [12] studied mixed convective flow past a semi-infinite vertical plate embedded in a porous medium incorporating the variable permeability in Darcy's model. Sri Hari Babu and Ramana Reddy [13] discussed the effects of mass transfer on MHD mixed convection flow past an infinite vertical plate with ohmic heating and viscous dissipation. Mahinder Singh et al [14] studied by considering the effect of uniform vertical magnetic field and uniform vertical rotation on thermosolutal convection in a layer of an electrically conducting couple-stress fluid heated and soluted from below. Recently, Pal and Shivakumar [15] analyzed mixed convection heat transfer from a vertical heated plate embedded in a Newtonian fluid sparsely packed porous medium by considering the variation of permeability, porosity and thermal conductivity. Dulal Pal [16] studied magneto hydrodynamic non-Darcy mixed convection heat transfer from a vertical heated plate embedded in a porous medium with variable porosity, by taking the viscous dissipation term in the energy equation. Pal [17] also made analysis of mixed convection heat transfer in the boundary layers on an exponentially stretching surface with magnetic field. Nalinakshi et al [18] found numerical solutions for heat transfer from a vertical heated plate embedded in a Newtonian fluid sparsely packed porous medium considering the variable fluid properties with the influence of inertial parameter.
The aim of the present investigation is therefore, to study systematically and numerically the effect of inertial terms on combined free and forced convective heat transfer past a semi-infinite vertical plate embedded in a saturated porous medium in the presence of magnetic field with variable permeability, porosity and thermal conductivity. In this analysis coupled non-linear partial differential equations, governing the problem, are first reduced to the ordinary differential equations by similarity transformations and then the resultant boundary value problem is converted into the system of five simultaneous equations of first-order for five unknowns. These equations are then solved numerically to obtain velocity distributions and temperature profiles for various values of physical parameters. The results obtained are compared in the absence of magnetic field with the numerical computation under limiting conditions agree well with the existing ones and thus verifies the accuracy of the method used.
II. Mathematical Formulation
We consider two-dimensional steady flow of a laminar, incompressible, viscous, electrically conducting fluid past a semi-infinite vertical heated plate embedded in a sparsely packed Newtonian fluid saturated porous medium of variable porosity, permeability and thermal conductivity. A uniform transverse magnetic field is applied to the plate. The flow is assumed to be dominated by viscous, Lorentz and pressure forces with inertia. The plate is assumed to be electrically non-conducting, as many fluids used in the laboratory, the conductivity is usually small. The x-coordinate is measured along the plate from its leading edge, and y-coordinate normal to it (see fig.1 ). Let U 0 be the velocity of the fluid in the upward direction and the gravitational field, g, is acting in the downward direction. The plate is maintained at a uniform temperature T w which is always greater than the free stream values existing far from the plate (i.e.
  T T w
).
Fig.1. Physical configuration of the problem
The boundary layer equations governing the conservation law of mass, momentum and energy (heat) for incompressible steady viscous and electrically conducting flow can be written in the following form:
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where u and v are the velocity components along the x and y direction, respectively, T is the temperature of the fluid,  is the fluid density,  is the effective viscosity of the fluid,  is the fluid viscosity, k(y) is the variable permeability of the porous medium, ) ( y  is the porosity of the saturated porous medium, ) ( y  is the variable effective thermal diffusivity of the medium, F is the empirical constant of the second -order resistance term due to inertial effect, C p is the specific heat at constant pressure,  is the coefficient of volume expansion. 0 B is the applied magnetic field, m  is the electrical conductivity.
The above governing equations need to be solved subject to the following boundary conditions on velocity and temperature fields:
Since the flow field is uniform at a sufficiently large distance from the porous surface, so in the free stream T is the ambient temperature.
We now introduce the following dimensionless variables  and f as well as the similarity variable  -see
Mohammadein and El-shaer [12] :
, such that the continuity equation (1) is satisfied, T w is the plate tempeature and the velocity components is given by
Where a prime represents differentiation with respect to  . Substituting (6) and (7) in Equations (2) and (3), we get the following transformed equations:
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Once the velocity and temperature distributions are known, the skin friction and the rate of heat transfer can be calculated respectively by
 is the skin friction and Nu is the Nusselt number.
III. Numerical Method
Equations (11) and (12) constitute a highly non-linear coupled boundary value problem of third and second order respectively. An improved numerical scheme involving shooting technique with Runge-Kutta-Fehlberg method is developed to solve the resulting nonlinear boundary value problem. Thus, the coupled nonlinear boundary value problem of third-order in f and second-order in  has been reduced to a system of five simultaneous equations of first-order for five unknowns as follows (see vajravelu [19] ): are not prescribed, which are determined by employing numerical shooting method and using the two ending boundary condition given in Eq. (19) . The selection of an appropriate finite value of   to be made. A good guess of the initial condition in the shooting technique is to be made on which the convergence depends. The iterative process is terminated when the difference between two successive values reached 10 -6 , then the solution is said to have converged results. The slight deviation in the values may be due to the
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www.iosrjournals.org 24 | Page use of Runge-Kutta-Fehlberg method which has fifth order accuracy whereas, Mohammadein and El-Shaer [12] have used fourth-order Runge-Kutta method which has only fourth order accuracy. Thus the present results are more accurate compared to their results.
IV.

Results and Discussion
The system of first-order differential equation (17) - (19) . Further, it is noted that the effect of *  is to increase the rate of heat transfer for UP whereas reverse trend is seen in the case of VP. 
V. Conclusions
In this study, a numerical approach is made to study the effect of variable fluid properties like variable permeability, porosity and thermal conductivity on Mixed convection from a vertical heated plate embedded in a electrically conducting fluid saturated sparsely packed porous medium with an applied magnetic field normal to the plate. The boundary layer flow in the porous medium is governed by Brinkman -Forchheimer extended Darcy model. The conservation equations governing the problem are reduced to a system of non-linear ordinary differential eequations by using similarity transformations which are highly coupled. These equations are then solved numerically by Runge -Kutta method with shooting technique. The computed results which are tabulated are shown graphically to illustrate the flow and heat transfer characteristics and also their dependence on various physical parameters. The following conclusions are drawn: 1. The effect of magnetic field M is to increase the velocity distribution significantly and there is decrease in the temperature distribution in the thermal boundary layer for variable permeability case.
As the values of inertial parameter
